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(4) 转录组测序分析结果显示，测序后总共获得 110,728,908 条原始数据，这
些原始数据经过过滤后，最终得到了总大小为 10,8602,248 的 clean reads。转录
本组装后共得到 80,266 条 Unigene，平均长度为 731 bp。将枸杞花药整套转录组
用 7 个公共数据库 Nr、NCBI、Nt、SwissProt、GO、KOG 和 KEGG 进行 Blast
比对功能注释，其中 47.6% 的 Unigene 与 NR 蛋白数据库有同源比对信息。与
所有数据库都比对上的有 9,301 条，占 8.47%；至少在一个数据库中比对上的有
61,591，占 56.09%。总共 108,602,248 条基因，比对上的有 92,754,342，比对率
（mapping-rate）为 85.41%。将这些注释成功的 unigenes 按照 GO 的细胞组分、
分子功能、生物学过程三大功能分类分别包含了 14、11 和 22 个功能亚类。KOG
功能聚类分析共有 27,907 个 unigenes 注释到 KOG 的 26 个分组中，最多的是一
般功能预测，其次分别是翻译后修饰，蛋白反转和分子伴侣等。KEGG 功能注释
分析中有 32 个亚类，最主要的代谢通路分别是碳水化合物代谢 (801，unigenes)，
信号转导（700，unigenes），翻译（690，unigenes），折叠、排序和退化等（659，
unigenes）等。 
(5) 高通量数字基因表达谱结果显示，通过对可育花药发育的 6 个文库和不










































The male sterility (MS) of higher plants is the basis for utilization of heterosis.   
However, there are many types of MS and the reasons caused to it are very complex.  
The mechanism of male sterility is still unclear, and the research of MS has been a hot 
research field for a long time. Ningqi 5 is a new type of MS found in Lycium 
Barbarum L. in 2005. In order to figure out the mechanism of MS and apply this 
precious resource completely, this research will be carried out from the structure, 
physiology and molecular biology.   
With the fertile tie Ning qi 1 and sterile lines Ning qi 5 as the experiment 
materials, we observed the difference and characteristics of ultrastructure, distribution 
of ATPase and Ca2+ by TEM, as well as compared the different expression genes 
(DEGs) by mRNA sequencing and digital gene profile(DGE).  
Major results were as follows: 
(1) The study of ultrastructure showed that the earliest structural abnormalities of 
the sterile anther appeared after the stage of tetrad. Some of tetrad microspore 
degraded directly after meiosis tetrad microspore, with a large number of vacuoles 
appeared in the bottom of plasma membrane. Some can keep developing and form 
extine primordium, but they can not be built completely. Sporopollenin as the most 
important pollen wall substance can not get to the extine primordium correctly, so the 
extin are always lack of this cover of sporopollenin. The tetrad callose wall did not 
decompose and extine can not be built may be closely related to the degradation of 
tapetal cells and the abnormal microspore. On the other hand, the tangential wall of 
tapetal cells became significantly thicken, and a large number of former ubisch body 
accumulated in cell wall. As a result the former ubisch body and maybe some other 
substance cannot be secreted from tapetal cells. The abnormality of Ubisch body is 
another phenomenon of tapetum cells.   
(2) The study of ATPase distribution showed there were no obvious ATPase 
precipitation particles located in a fertile anther tetrad microspore of callose wall and 














distributed in sterile anther of microspore mother cells, tetrad callose wall and plasma 
membrane. In the future development, ATPase precipitation particles in fertile anther 
are distributed specially, but desultorily in the sterile anther. The difference of ATPase 
precipitation particles distribution in fertile anther and sterile anthers showed that 
pollen sterility changing was associated with cell energy metabolism. More ATPase 
precipitation particles accumulated in sterile microspore mother cells and callose wall 
suggested that changes about the nature and quantity of callose wall, such as the ways 
of connections or the changes of sugar can cause the tetrad callose wall cannot be 
generally decomposed by callose enzyme.   
(3) The study of subcellular location of Ca2+ showed that there wereare much 
more calcium precipitation particles distributed in the callose wall and extin 
primordium in sterile anther tetrad callose wall other than fertile anther. The sterile 
microspore would not continue to develop a big vacuole. Although there are much 
more calcium precipitation particles in sterile anther chamber, but there wereare little 
few calcium precipitation particles in the cytoplasm of microspore. As a result, no big 
vacuole can be formed and abortive microspore is most likely due to the lack of Ca2+. 
The relationship between the tetrad abnormal calcium channels on the plasma 
membrane of microspore tetrad and the abnormal callose wall was unclear. It 
suggested that calcium channels on the plasma membrane of microspore are more 
likely to be changed at the stage of tetrad, and which stops the Ca2+ into microspore.  
(4) By transcriptome sequencing analysis, we got 110728908 raw data, and 
1086010860 clean reads. There are 80266 Unigenes obtained after assembly.  And 
the average length of Unigenes is 731 bp. Blast to the 7 public database Nr, NCBI, Nt, 
SwissProt, GO, KOG and KEGG, there are 47. 6% of the Unigenes successfully 
blasted to Nr protein database information. 9301(8. 47%) Unigenes can be blasted to 
all the public data. The mapping rate is 85. 41%. By GO functional annotation it 
showed that all the Unigenes were classified in 14 terms of the cell component, 11 
terms of molecular function, and 22 terms of biological process.After KOG function 
clustering analysis, 27907 unigenes were annotated to KOG 26 groups, the main 














turnover, chaperones, etc. There were 32 pathways by KEGG functional annotation, 
the main pathways were carbohydrate metabolism (801, unigenes), signal  
transduction (700, unigenes), translation (690, unigenes) . 
 (5) There were 9 cDNA libraries were build. After digital gene expression 
profile analysis, we obtained the DEGs between the different samples. The results 
showed that as the development of anthers,  DEGs in ningqi 1 and ningqi 5 increased, 
and totally the quantity of up regulated genes are much more than down regulated 
genes. GO functional enrichment analysis showed that the DEGs were down regulated 
in sterile anther. And most of the DEGs were related to the substance participating in 
pollen wall and extin building. KEGG pathway functional enrichment analysis 
showed that most of the DEGs were riched in the pathways of metabolic pathways, 
formation biosynthesis of pollen wall and photosynthesis related metabolic pathways.  
Actually these DEGs finally related to the metabolism of tapetum and pollen wall 
involving the biological process such as sporopollenin, some secondary metabolites of 
flavonoids synthesis, secretion and transshipment. These anomalies were mainly 
because of abnormal of the process of the structure and physiological function in 
tapetal cells. Further analysis showed that the expression levels of genes regulating 
lipid metabolism, protein metabolism, ATP transshipment in the endoplasmic 
reticulum and related gene expression of calcium signal are very low. Finally the 
pollen wall appeared serious defect in the sterile anther, and became abortive. 
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Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
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